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TITLE OF THE INVENTION 

IMAGE PICKUP APPARATUS HAVING COMPACT, LIGHT WEIGHT, 

RIGID INTERNAL CHASSIS 

5 

BACKGROUND OF THE INVENTION 
Field of the Invention 

[000 1] The present invention relates to the rigidity of a housing obtained 
10 by controlling the shape of a main chassis, serving as an internal structure, of 
a digital still-image camera (hereinafter abbreviated as a "digital camera"). 
Description of the Related Art 

[0002] Recently, in image pickup apparatuses, such as digital cameras or 
the like, that use recording media, it has become desirable intended to realize 

15 a low running cost caused by a recording/reproducing function, and a small 
and Ught apparatus. A recording-medium accommodating unit of a 
conventional digital camera will now be described with reference to FIG. 7. 
[0003] FIG. 7 is a schematic perspective view illustrating a portion near a 
recording-medium accommodating unit of a conventional digital camera. This 

20 digital camera generally includes a solid-state image pickup device, image 
pickup means including a lens, a signal processing unit, a power supply 
circuit unit, and a battery accommodating unit. 

[0004] In particular, FIG. 7 illustrates a compact-flash card (registered 
trade name; hereinafter abbreviated as a "CF card") 101, serving as a 
25 recording medium for recording data of an object image or the like converted 
into an electrical signal by the soHd- state image pickup device, a CF-card slot 




102, serving as an accommodating portion for the CF card 101, an ejection 
button 103 provided at the CFxard slot 102 for taking the CF card 101 out of 
the camera, a front cover 104, serving as a camera-front-surface protective 
housing, a rear cover 105, serving as a camera-rear^surface protective 
5 housing, a CF-card cover 106 rotatably supported on the main body of the 
camera by a rotation shaft 106a, a rear inner member 107 made of resin and 
bonded to the rear cover 105, disposed between the rear cover 105 and the 
CF-card slot 102, and a slide button 108 fixed to the rear inner member 107 
by a patching structure (not shown) so as to be vertically movable, and biased 

10 in a downward direction by an urging spring (not shown). 

[0005] When a user desires to take the CF card 101 out of the camera, the 
user opens the CF-card cover 106 from a closed state by manually moving the 
slide button 108 upward against the bias force of the urging spring into to ^ 
provide a state shown in FIG. 7. In this state, the ejection button 103 is 

15 extended at a position indicated by broken Unes 103a. By manually pushing 
the ejection button 103 toward the interior of the camera, the CF card 101 is 
partially ejected from the camera CF slot 102, and the CF card 101 can be 
taken out of the camera. 

[0006] Next, the internal structure of the conventional camera will be 
20 described with reference to a schematic cross-sectional view shown in FIG. 8. 
[0007] A main chassis 109 serves as the internal structiure of the 
conventional camera, and is made of a thin steel plate in order to reduce the 
size and weight of the camera. FIG. 8 also illustrates a battery 110, a battery 
chamber 111 for accommodating the battery 110, a signal processing 
25 substrate 112, a barrel 113 incorporating a solid-state image pickup device 
and a lens (collectively shown in phantom), a power supply circuit unit 114, 
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and an image display unit 115. 

[0008] The main chassis 109 has a substantially cornered-TJ-shape, with a 
bent portion 109a that contacts the front cover 104 and the rear cover 105. 
The battery chamber 111 is fixed on the main chassis 109 by conventional 
5 fixing means (not shown), and contacts the front cover 104 and the rear cover 
105. The CF-card slot 102, serving as an accommodating unit for the CF card 
101, is disposed in a space formed by the main chassis 109, and the rear inner 
member 107 boded to the rear cover 105 (for example, refer to patent 
literature 1). 

10 [0009] Next, a conventional battery lock and battery chamber lid will be 
described with reference to FIG, 9. FIG. 9 is a schematic perspective view 
illustrating a portion near the battery chamber lid. 

[0010] In FIG. 9, there are shown a battery chamber Ud 116, and a 
battery lock 117 having an L-shaped pawl 117b at a distal end thereof. The 

15 battery lock 117 is rotatably supported on a shaft (not shown), and is biased 
by the urging force of an urging spring (not shown) so as to be rotatable in the 
direction of an arrow J. When the battery 110 is accommodated in the battery 
chamber 111, the distal end (pawl 117b) of the battery lock 117 rotates so as 
to cover the battery 110 by the urging spring, thereby to prevent the battery 

20 110 from exiting the battery chamber 111. FIG. 9 illustrates a state in which 
the battery chamber lid 116 is open. The battery chamber lid 116 is rotated 
from a closed state to this opened state by first sliding the battery chamber 
lid 116 in the direction of an arrow K that is orthogonal to a battery insertion 
direction, and then rotating the battery Ud 116 in the direction of an arrow L 

25 so that a travel of the distal end of the battery chamber lid 116 depicts an arc. 
The battery 110 then can be taken out in the direction of an arrow N, e.g., by 
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means of a discharge spring (not shown) provided in the battery chamber 111, 
by manually engaging a recess 117a of the battery lock 117 so as to rotate it 
in the direction of an arrow M, against the elastic biasing force of the urging 
spring in the direction of the arrow J, thereby detaching the pawl 117b from 
5 the battery 110. 

[OOll] Next, a tripod mount screw to be used when mounting the camera 
to a tripod will be described with reference to FIGS. 10 and 11. 
[0012] A tripod screw mount 118 including an internal screw thread 
portion 118a therein is fixed to the main chassis 109 and a bottom plate 119 

10 using screws (not shown). By fixing the front cover 104 and the rear cover 105 
(neither shown in FIGS. 10 and 11) to the tripod screw mount 118 using 
screws, the main body of the digital camera and the tripod screw 118 are 
integrated to secure rigidity that is necessary when mounting the camera to a 
tripod. As shown in FIG. 11, the tripod screw mount 118 includes an 

15 incomplete screw thread portion 118b in addition to the screw thread portion 
118a. These portions are produced when performing tapping processing for 
the tripod screw mount 118 having the shape of a bag. A semispherical 
projection 118c having substantially the same height as the incomplete screw 
thread portion 118b is also included in the tripod screw mount 118. 

20 [0013] The rigidity of the housing of the conventional digital camera 
having the above -described configuration is weak with regard to deflection at 
a central portion, and stress due to pressxire on the camera from either side, 
because the rigid main chassis 109 and the battery chamber 111 are 
connected at a central portion. Since a thin steel plate is used in order to 

25 reduce the size and the weight of the camera, there is a possibility that the 
camera may become deformed at a connecting portion if an excess stress is 
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applied, resulting in destruction of internal components, such as the barrel 
and the like. 

[0014] As for the recording-medium accommodating unit, in FIG. 7, if a 
stress indicated by an arrow P is applied to the rear cover 105 that is not 
directly supported by the main chassis 109, there is a possibility that the 
entirety of the rear inner member 107 may become deformed because of a 
cantilever structure effect in which there is no support on the main body, 
thereby causing a stress in the CF-card slot 102, resulting in destruction of 
the CF card 101. 

SUMMARY OF THE INVENTION 



[0015] It is an object of the present invention to provide an image pickup 
apparatus having a rigid housing utilizing a thin steel plate for a main 
15 chassis in order to reduce the size and the weight of the apparatus. 

[0016] It is another object of the present invention to provide an image 
pickup apparatus having a structure capable of protecting a recording 
medium having important recorded images, utiHzing a small and light 
housing. 

20 [0017] According to one aspect of the present invention, an image pickup 
apparatus includes a solid-state image pickup device for converting an object 
image into an electrical signal, a chassis, and a protective housing member. 
The chassis includes a pluraHty of stepwise bent portions, wherein bent 
portions positioned at opposing ends of the chassis are fixed at respective 

25 ends of the image pickup apparatus in a state contacting the protective 
housing member. 
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[0018] According to another aspect of the present invention, an image 
pickup apparatus includes a solid-state image pickup device for converting an 
object image into an electrical signal, a recording-medium accommodating 
unit for accommodating a recording medium detachably mountable in a main 
5 body of the apparatus, and a battery accommodating unit for accommodating 
a battery operating as a power supply for the main body of the apparatus, a 
chassis, and an protective housing member. The chassis includes a plurality 
of stepwise bent portions. The bent portions positioned at opposing ends of 
the chassis are fixed at respective ends of the image pickup apparatus. The 
10 battery accommodating unit is fixed to the chassis. The recording-medium 
accommodating imit is fixed in a space surrounded by the chassis and the 
battery accommodating unit that is formed utilizing the stepwise bent 
portions of the chassis. 

[0019] The foregoing and other objects, advantages and features of the 
15 present invention will become more apparent fi:om the following detailed 
description of the preferred embodiment taken in conjunction with the 
accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

20 

[0020] FIG. 1 is a schematic perspective view illustrating an image 
pickup apparatus according to an embodiment of the present invention; 
[0021] FIG. 2 is a schematic cross-sectional view illustrating the image 
pickup apparatus shown in FIG. i; 
25 [0022] FIG. 3 is a schematic perspective view illustrating a state of a 
battery accommodating unit of the image pickup apparatus shown in FIG. i; 
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[0023] FIG. 4 is a schematic perspective view illustrating a battery lock of 
the image pickup apparatus shown in FIG. 15 

[0024] FIG. 5 is a schematic cross -sectional view illustrating the battery 
lock shown in FIG. 41 
5 [0025] FIG. 6 is a schematic perspective view illustrating a main chassis 
of the image pickup apparatus shown in FIG. i; 

[0026] FIG. 7 is a schematic perspective view illustrating a conventional 
digital camera; 

[0027] FIG. 8 is a schematic cross -sectional view illustrating the 

10 conventional digital camera shown in FIG. 7; 

[0028] FIG. 9 is a schematic perspective view illustrating a state of a 
battery accommodating unit of the conventional digital camera shown in FIG. 

7; 

[0029] FIG. 10 is a schematic perspective view illustrating a main portion 
15 of a main chassis of the conventional digital camera shown in FIG. 7; and 

[0030] FIG. 11 is a schematic cross-sectional view illustrating a tripod 
screw mount of the conventional digital camera shown in FIG. 7. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 

20 

[0031] A preferred embodiment of the present invention will now be 
described with reference to the drawings. 

[0032] FIG. 1 is a schematic perspective view illustrating a digital camera, 
serving as an image pickup apparatus, according to an embodiment of the 
25 present invention. In FIG. 1, a digital camera 1, serving as an image pickup 
apparatus, generally includes a soHd-state image pickup device, image 
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pickup means including a lens, a signal processing unit, a power supply 
circuit unit, a battery accommodating unit, and recording means for 
recording a photographed image in a recording medium. An SD memory card 
(hereinafter abbreviated as an "SD card") 2 serves as a recording medium for 
5 recording data of an object image or the like converted into an electrical 
signal by the solid-state image pickup device. A battery 3 operates as a power 
supply of the digital camera. A base hd 4 serves as part of a protective 
housing (armor) of a digital camera for protecting the SD card 2 and the 
battery 3. A battery chamber 5 serves as an accommodating xmit for the 

10 battery 3. An end portion of a battery lock 6 is rotatably supported at the 
battery chamber 5 in order to lock the battery 3 in the battery chamber 5. An 
SD-card slot 7 serves as an accommodating unit for the SD card 2. A front 
cover 8 serves as a camera-front- surface protective housing member (e.g., 
metal armor). A rear cover 9 serves as a camera-rear-surface protective 

15 housing member (e.g., metal armor). A tripod screw mount 10 is provided for 
fixing the digital camera 1 to a tripod (not shown). 

[0033] The SD card 2 or the battery 3 is taken out of the camera fi-om a 
state in which the SD card 2 and the battery 3 are accommodated in the 
SD-card slot 7 and the battery chamber 5, respectively, and the base Ud 4 is 

20 closed, by first sliding the base Ud 4 in the direction of an arrow A that is 
orthogonal to a battery insertion direction (a direction parallel to the base of 
the digital camera 1), and then rotating the base lid 4 in the direction of an 
arrow B so that movement of the distal end of the base lid 4 depicts an arc, to 
provide a state shown in FIG. 1. When the user desires to take out the SD 

25 card 2, an SD-card end surface 2a initially is manually pushed in the 
direction of an arrow C, i.e., an SD-card insertion direction. As a result, a 
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locking action within the SD-card slot 7 is released, and the SD card 2 is then 
discharged by the spring bias force of a discharge spring provided in the 
SD-card slot 7. When an SD card 2 is to be inserted into the camera, the 
SD-card end surface 2a is manually pushed in the direction of arrow C, 
5 operating a locking action in the SD-card slot 7 operates, and the SD card 2 is 
held within the SD-card slot 7 (this insert-eject operation is termed a 
"push-push method"). When the user desires to take out the battery 3, the 
battery lock 6 locking the battery 3 in the battery chamber 5, by covering the 
battery 3 is rotated in the direction of an arrow D, and the battery 3 is 
10 discharged by the spring bias force of a discharge spring (not shown) within 
the battery chamber 5. 

[0034] Next, the rigidity of the housing will be described with reference to 
FIG. 2. FIG. 2 is a schematic cross-sectional view of the digital camera as 
seen from above in a direction substantially parallel to the optical axis. In 

15 FIG. 2, a main chassis 11 serves as the internal structiu-e of the camera, and 
is made of a thin steel plate in order to reduce the size and weight of the 
camera. There are also shown a signal processing substrate 12, a barrel 13 
incorporating a soUd-state image pickup device and a lens (collectively shown 
in phantom), a power supply circuit substrate 14 on which the SD-card slot 7 

20 is mounted, a liquid-crystal panel 15, serving as an image display unit, a 
speaker 16 used for providing an operation sound, such as a shutter sound or 
the like, and reproducing voice, a barrel driving circuit xmit 17, and a rear 
inner member 18, made of resin, bonded to the rear cover 9. 
[0035] As shown in FIG. 2, the main chassis 11 has three 

25 cornered-U-shaped stepwise bent portions. Bent portions 11a and lib 
positioned at opposing ends of the main chassis 11 are fixed to the front cover 



-10- 



8 and the rear cover 9 using screws (not shown). The battery chamber 
housing 5 is fixed to the main chassis 11 using screws (not shown), and an 
end surface 5c (see also FIG. 3) of the battery chamber housing 6 is fixed to 
the fi-ont cover 8 and the rear cover 9 using screws (not shown). By providing 
5 a three cornered-U-shaped bent portion structure, the strength of the chassis 
11 is improved even if it is made of a thin plate. Furthermore, since both ends 
of the chassis 11 are fixedly supported by the protective housing (armor), a 
structure that is strong against deflection at a central portion, and stress due 
to pressure on the camera firom the sides is obtained. 

10 [0036] The SD-card slot housing 7, serving as an accommodating unit for 
the SD card 2, is soldered on the power supply circuit substrate 14. The 
power supply circuit substrate 14 is soldered to a battery contact piece (not 
shown) of the battery chamber housing 5, and also is screwed to the battery 
chamber housing 5. Since the battery chamber housing 5 is fixed to the main 

15 chassis 11, and the SD-card slot housing 7 is fixed to the battery chamber 
housing 5 via the power supply circuit substrate 14, the SD-card slot housing 
7 is securely fixed. 

[0037] A power supply GND pattern (a pattern where a battery contact 
piece (not shown) contacting a GND terminal of the battery 3 is soldered) 

20 provided on the power supply circuit substrate 14 is electrically connected to 
the main chassis 11 at a bent portion lie. As a resvdt, the main chassis 11, 
the front cover 8 and the rear cover 9 have a GND potential, so that 
improvement of a static-electricity resistant property, reduction of 
unnecessary radiation noise, and improvement of a shielding effect for 

25 external electromagnetic radiation can be reahzed. 

[0038] Substantially cornered-U-shaped portions lib, 11c and lid of the 
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main chassis 11, which is fixed to the battery chamber housing 5, are 
disposed around the SD-card slot housing 7. Accordingly, the SD card 2 
having important recorded images can be protected against mechanical 
stresses, such as an unexpected external pressure in the direction of an arrow 
5 E, and the like, and electric stresses, such as static electricity, and the like. 
[0039] By placing the speaker 16 in a space provided between the 
liqxiid-crystal panel 15 and the SD-card slot housing 7, it is possible to reahze 
effective space utilization, and a small and light digital camera having 
reduced dead space and large rigidity even if a thin plate main chassis is 
10 used. 

[0040] As described above, in the configuration shown in FIG. 2, by fixing 
the main chassis 11 having cornered-U-shaped bent portions in a state of 
contacting both lateral ends of the digital camera, the digital camera is 
strong against deflection at a central portion, and against stress due to 

15 pressure on the camera fi:om both sides. Furthermore, by surrounding the 
accommodating unit for the SD card 2 with the main chassis 11 and the 
SD-card slot housing 7, it is possible to protect the SD card 2 against external 
stress. In addition, since the main chassis 11 is bent so as to surround the SD 
card 2 and the speaker 16, unused (useless) space is not produced within the 

20 digital camera, and it is possible to provide a small digital camera without 
degrading rigidity. 

[0041] Next, the configuration of the battery lock 6 and the base hd 4 will 
be described with reference to FIG. 3. FIG. 3 is a schematic perspective view 
illustrating the digital camera as seen from the base of the camera by 
25 removing the fi-ont cover and the rear cover, each serving as protective 
housing (armor). As described above, the circxunference of the SD-card slot 7 
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is protected by the bent portions lib, 11c and lid of the main chassis 11. In 
FIG. 3, the base lid 4 is open. This state is obtained from a closed state by 
first sliding the base lid 4 in the direction of an arrow A, and then rotating 
the base lid 4 in the direction of an arrow B, as described above. When the 
5 user desires to take out the battery 3, a pawl 6b is detached firom the battery 
3 by rotating the pawl 6b in the direction of an arrow D against the bias force 
of an urging spring 19 by catching a projection 6a of the battery lock 6 that is 
rotatably supported at the battery chamber 5 by a shaft (not shown) and 
urged in the direction of an arrow F so that the pawl 6b covers the battery 3 
10 due to the bias force of the urging spring 19. As a resxilt, the battery 3 may be 
slid out of the main body of the camera (in the direction of an arrow G) by a 
discharge spring (not shown) provided at the battery chamber 5, and can be 
taken out. 

[0042] Conventional digital cameras have a drawback in that, if the 
15 operator erroneously drops the camera, the base lid may undesirable open so 
as to discharge the battery, etc., or otherwise damage the camera. This 
embodiment overcomes this drawback by preventing such action according to 
the following approach. 

[0043] As shown in FIGS. 4 and 5, a stepwise shape 6c having a step in 
20 the direction of arrow G (see FIG. 3), i.e., the direction the battery 3 is taken 
out, is provided at the battery lock 6. When a shock is applied to the digital 
camera and the battery 3 tends to move in the direction of arrow G, i.e., the 
direction the battery 3 is taken out, firom an accommodated position, the pawl 
6b contacting the battery 3 is raised in the direction of arrow G. Since the 
25 battery lock 6 is made of an elastic resin and is substantially L-shaped, it 
bends in the direction of arrow G. As a result, as shown in FIG. 5, the 
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stepwise shape 6c is positioned so as to be superposed with the end surface 5a 
of the battery chamber 5 that is substantially parallel to the direction of 
arrow G. In the absence of any shock applied to the battery 3, there is a small 
gap in the direction of rotation of the battery lock 6 between the stepwise 
5 shape 6c of the battery lock 6 and the end surface 5a of the battery chamber 5 
because the battery lock 6 is urged by the virging spring. When a shock is 
applied to the digital camera and the battery lock 6 tends to rotate in the 
direction of arrow G, i.e., a direction that releases the lock 6, by a component 
force of the shock. However, after the battery lock 6 slightly rotates, further 

10 rotation is suppressed by contact of the stepwise shape 6c of the battery lock 
6 with the end surface 5a of the battery chamber 5. Since the amount of 
rotation of the battery lock 6 is very small, the base lid 4 does not slide in the 
direction of arrow A as a result of the rotation. According to such a 
configuration, the base lid 4 can not be unexpectedly opened even if shock is 

15 caused by dropping the camera. 

[0044] In ordinary use (in the absence of shock), since bending of the 
battery lock 6 due to the battery 3 is absent, there is a gap of about 0.2 mm 
between the end surface 5b of the battery chamber 5 and an end surface 6d of 
the battery lock 6. In other words, the stepwise shape 6c and the end surface 

20 5a of the battery chamber 5 do not interfere with each other in ordinary use, 
and the battery lock 6 does not contact the end svirface 5b of the battery 
chamber 5 even if the battery lock 6 rotates in this state. When the operator 
rotates the battery lock 6 in the direction of arrow D, against the bias force of 
the urging spring 19, by manually engaging the projection 6a of the battery 

25 lock 6 in order to discharge the battery 3, the battery lock 6 bends due to 
appUcation of a component force in the direction of an arrow H, i.e., a 
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direction of insertion of the battery 3, the gap of 0.2 mm between the end 
surfaces 5b and 6d further increases, so that the battery lock 6 can smoothly 
rotate in the direction of arrow D without interfering with the battery 
chamber 5. 

5 [0045] As described above, in this embodiment, when the user desires to 
take out the battery 3 in an ordinary state, the battery lock 6 rotates without 
causing any problem. When the digital camera is unexpectedly dropped, 
rotation of the battery lock 6 is prohibited by engagement with the battery 
chamber 5, so that the base lid 4 does not open. As a result, it is possible to 
10 prevent an undesirable case in which the camera cannot be operated because 
the battery is broken. 

[0046] Next, a tripod screw mount will be described with reference to FIG. 
6. FIG. 6 is a schematic perspective view illustrating the configuration of a 
tripod screw mount. In FIG. 6, a tripod screw mount 10 is fixed to a bent 

15 portion llf of the main chassis 11 using screws (not shown), and is also fixed 
to a bent portion llg of the main chassis 11 using screws (not shown) via a 
top plate 20- The tripod screw mount 10 has a threaded screw portion 10a at 
a substantially central portion, where a tripod is to be mounted. A large 
strength is required for a portion to contact a tripod. This is because in some 

20 tripods for high-level amateurs or the like, the operator can freely adjust the 
length of a screw portion to a value other than a standard length, and it is 
therefore necessary to secure a sufficient strength so as not to cause 
deformation even if the operator erroneously moimts the tripod to the camera 
in a state in which the screw portion is abnormally long. If the contact portion 

25 of the tripod screw mount 10 is deformed, there is the possibiHty that some 
components within the camera may be damaged, resulting in incapability of 
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operating the camera. In this embodiment, an experiment has proven that a 
large strength can be obtained by using a zinc-plated steel plate (0.5 mm 
thick) and an SUS (stainless steel) material (0.6 mm thick) having 
substantially the same shape as the portion llg of the main chassis 11 for the 
5 main chassis 11 and the top plate 20, screwing together the steel plate and 
the SUS material using four screws, respectively, and fixing the tripod screw 
mount 10 on two surfaces of the main chassis 11. If it is desired to omit the 
top plate 20 in order to reduce the cost, and to secure a sufficient contact 
strength with a tripod using only the main chassis 11, a simple calcxilation 
10 indicates that the thickness of the main chassis 11 must be 1.1 mm. Since the 
SUS material has a larger mechanical strength, a thickness greater than 1.1 
mm is actually required, resulting in an increase in the size and weight of the 
overall main chassis 11. This is contradictory to reduction in the size of the 
camera. 

15 [0047] If the top surface of the screw portion is made of a zinc-plated steel 
plate, appearance is inferior, and there is the possibiHty that rust may be 
produced due to aging deterioration if a pinhole is present. Accordingly, if an 
SUS material is used for a necessary portion, i.e., the top plate portion in this 
embodiment, a configuration having an excellent external appearance and a 

20 large strength is obtained. Furthermore, in this embodiment, since the screw 
portion is a threaded hole, tapping processing and cutting-o£f processing can 
be performed, resulting in large reduction in the processing tact time and the 
production cost. According to cutting-off processing, the entirety of the screw 
portion is a complete screw portion. Hence, a projection for preventing 

25 entrance of a tripod in an incomplete screw portion that is conventionally 
necessary becomes unnecessary, resulting in reduction of the total height of 



the tripod screw mount 10. As a result, the space within the camera is larger 
than in a conventional camera, and the overall digital camera can incorporate 
many functions, although the size of the camera is small. 

[0048] As described above, according to the present invention, it is 
5 possible to provide a very rigid image pickup apparatus even if a thin steel 
plate is used for a main chassis. 

[0049] It is also possible to provide an image pickup apparatus that 
protects a recording medium having important recorded images even if a 
small and light housing is used. 
10 [0050] The individual components shown in outhne in the drawings are 
all well known in the image pickup apparatus arts and their specific 
construction and operation are not critical to the operation or the best mode 
for carrying out the invention. 

[0051] While the present invention has been described with respect to 
15 what is presently considered to be the preferred embodiment, it is to be 
understood that the invention is not limited to the disclosed embodiment, lb 
the contrary, the present invention is intended to cover various modifications 
and equivalent arrangements included within the spirit and scope of the 
appended claims. The scope of the following claims is to be accorded the 
20 broadest interpretation so as to encompass all such modifications and 
equivalent structures and functions. 
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